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Nanotechnology is a major scientific and economic growth area impacting a wide range of 

sectors such as materials science, energy, electronics, health and environment; the quantity of 

manufactured nanoscale materials released to the environment is expected to grow 

dramatically. Important classes of nanomaterials are natural and anthropogenic (incidental or 

engineered) nanoparticles (NP, substances <100 nm in size in more than one dimension) [1]. 

There is considerable uncertainty related to the potential hazards of NPs in the environment, 

and toxic effects of some nanomaterials have been related to the ability of NPs to cross 

biological barriers [1]. Generally, their fate in the environment is poorly understood, and the 

knowledge gaps are large [2, 3]. The present work is aimed towards assessing the potential 

risks of NPs in the environment, and more specifically when terrestrial organisms 

(earthworms, Eisenia Fetida) are exposed to uranium (U3O8 particles with sizes less than 100 

nm). Natural and anthropogenic U NP are widespread in the environment and are of great 

importance for instance in uranium mining areas [4], for remediation of U contaminated sites 

[5], within the nuclear weapon and fuel cycles [6] and in catalyst industries [7]. The major 

challenge in following NPs in complex media, such as soils, sediments and water is to identify 

their presence and interactions with environmental components, transfer to organisms across 

membranes and to target organs, and their internal distribution within target organs. In the 

present work we investigated the uptake of U NPs in earthworms (Eisenia Fetida) by utilizing 

confocal μ-X-ray mapping to provide evidence of U uptake and to obtain information on the 

internal distribution within target organs in the organisms. By employing confocal μ-X-ray 

mapping we were able to provide 3D information from the interior of the organism without 

any physical slicing thus avoiding possible contamination. 

Earthworms were exposed for 1 week to horse manure contaminated with U3O8 (~2500 mg U 

/kg d.w.) synthesized nanometer-micrometer sized particles [7] and characterised by us as 

previously reported [8]. In addition, earthworms were exposed to horse manure contaminated 

(~1500 mg U/kg d.w.) with solutions of uranyl acetate dihydrate (UO2(CH3COO)2·2H2O, 

purity≥98.0%), in order to compare the uptake and distribution of ionic U with that of 

particulate U. Depuration was performed on wet filter paper on which earthworms were 

allowed to empty their intestinal contents for 60 hrs. Total concentrations of U in earthworms 

(whole body) after particulate U3O8 and uranyl exposure were 0.57±0.30 µg U/g w.w. (n=6) 

and 9.96±4.8 µg U/g w.w. (n=6), respectively. As expected, the concentrations in controls 

(exposed to soil and horse manure containing naturally occurring U) were much lower 

(0.06±0.01 µg U/g w.w., n=6). Dissected segments of earthworms with reproductive organs 

and intestines were stored in ethanol and mounted on dias frames just prior to -SRXRF 

confocal mapping experiments at HASYLAB beam line L. The confocal mapping 

experiments were carried out using a primary beam of 19.4 keV. The polycapillary half lens 

used as primary focusing optic and the polycapillary used as collimating optic for the 

detection of the XRF signals have a focal distance of 2 mm. The depth resolution was found 

to be 25 µm at the energy of the Au-La line (9.71 keV). 



Preliminary results from the synchrotron experiments confirm that significant amounts of U 

were taken up in the earthworms during both the particulate U3O8 and the uranyl exposures 

(Fig. 1). The distribution of U in earthworms exposed to particulate U was rather 

heterogeneous suggesting the presence of particles or aggregates of particles within the 

segment tissues. The distribution of U taken up from horse manure contaminated with ionic 

forms of U was rather homogeneous in the intestines but very localized in the segment 

containing the reproductive organs. The recorded elemental maps only partially cover 

earthworm cross sections due to experimental constraints (time and spatial constraints). Thus, 

it was difficult to localize in detail what organs U was associated with. It is not possible from 

these results alone to conclude if the uptake of nm-μm U3O8 particles is due to a 

transmembrane process or other mechanisms. 
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Figure 1. Schematic drawing of an earthworm cross section (left) and confocal micro X-ray mapping 

cross sections of segments containing intestines (middle) and reproductive organs (right) showing the 

intensity distribution of Ca Ka, Fe K and U L3 X-ray signals after 1 week exposure to 2500 mg U/kg 

d.w. added as synthesized nm-μm U3O8 particles and 1500 mg U /kg d.w. added as uranyl ions in 

horse manure compared with a control sample. Elemental maps of Ca and Fe were included to 

illustrate the outline of the earthworm cross sections. 

To conclude, both ionic species and nanometer-micrometer sized U particles in manure are 

taken up by earthworms. U signals are identified within the reproductive organ. Further work 

including mapping of microtome slices and utilization of a high brilliance and resolution 

beamline such as Petra P06 is needed to elucidate the uptake mechanisms and speciation of 

the U taken up by the earthworms. 
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